With the development of 3D laser body scan and surface reconstruction technology, designing a garment directly on a 3D scanned body using virtual reality and 3D CAD technology emerges as a novel design solution for fashion industry. Currently, the 3D method consists of several design phases, which include 3D scanning, digitalized 3D body modeling, 3D garment generation, interactive 3D garment surface modeling and pattern design [1] . Compared with traditional design method such as traditional 2D-to-3D method, virtual reality based 3D-to-2D design method is proved to be able to effectively satisfy the personalized garment design for atypical morphology [2] . However, 3D garment simulation is rather time costing and requires of high-level technical support of the software operation. What is more, due to the diversity of garment style, it is difficulty to define a systematic design rule for designing ready-to-wear products of all kind of styles using 3D-to-2D design method [3] . To solve this problem, in our previous study, we developed an interactive virtual try-on based 3D garment block design for physically disabled people of scoliosis type (PDPS) [1] . A personalized garment block is designed for PDPS with controlled wearing ease. Using this block, 2D garment patterns of the desired ready-to-wear products can be extended from the proposed garment block pattern. In this paper, based on previous study, we introduced an application case of designing a ready-to-wear garment using the garment block design from 3D-to-2D design method in order to validate the applicability of 3D-to-2D design method. Using personalized garment block, all kinds of garment style can be realized very fast in 2D environment, which can be easily controlled by designers compared with designing in 3D environment [5] [6] . In this research, a perception-based pattern modification model is proposed on the basis of a collaborative design process. Perceptual data of consumers on the desired product is extracted and analyzed by the knowledge and experience of designers using an interactive procedure. Sensory analysis (or sensory evaluation) is a scientific discipline that makes use of human senses (sight, smell, taste, touch and hearing) 
INTRODUCTION
With the development of 3D laser body scan and surface reconstruction technology, designing a garment directly on a 3D scanned body using virtual reality and 3D CAD technology emerges as a novel design solution for fashion industry. Currently, the 3D method consists of several design phases, which include 3D scanning, digitalized 3D body modeling, 3D garment generation, interactive 3D garment surface modeling and pattern design [1] . Compared with traditional design method such as traditional 2D-to-3D method, virtual reality based 3D-to-2D design method is proved to be able to effectively satisfy the personalized garment design for atypical morphology [2] . However, 3D garment simulation is rather time costing and requires of high-level technical support of the software operation. What is more, due to the diversity of garment style, it is difficulty to define a systematic design rule for designing ready-to-wear products of all kind of styles using 3D-to-2D design method [3] . To solve this problem, in our previous study, we developed an interactive virtual try-on based 3D garment block design for physically disabled people of scoliosis type (PDPS) [1] . A personalized garment block is designed for PDPS with controlled wearing ease. Using this block, 2D garment patterns of the desired ready-to-wear products can be extended from the proposed garment block pattern. In this paper, based on previous study, we introduced an application case of designing a ready-to-wear garment using the garment block design from 3D-to-2D design method in order to validate the applicability of 3D-to-2D design method. Using personalized garment block, all kinds of garment style can be realized very fast in 2D environment, which can be easily controlled by designers compared with designing in 3D environment [5] [6] . In this research, a perception-based pattern modification model is proposed on the basis of a collaborative design process. Perceptual data of consumers on the desired product is extracted and analyzed by the knowledge and experience of designers using an interactive procedure. Sensory analysis (or sensory evaluation) is a scientific discipline that makes use of human senses (sight, smell, taste, touch and hearing) for the purpose of evaluating consumer products based on certain evaluation criteria. Using a sensory evaluation method, 3D virtual try-on result can be accessed by designers through touch and observation based on their experience and professional knowledge. By utilizing a pre-defined pattern modification model, pattern can be modified automatically based on the evaluation results.
EXPERIMENTAL WORK
In this research, a 3D-to-2D design based personalized garment design process is proposed. Figure 1 presents the proposed design process. The proposed design process begins with a personalized garment block design from 3D-to-2D design method. Using the flattened garment block pattern, extension of the desired garment pattern can be realized considering the garment style and fabric property. Then, using a 3D virtual try-on procedure, a fast validation of the proposed pattern can be realized using virtual fabrics. Designers and consumers can be invited to participate in the evaluation section. His/her sensory evaluation result based on the pre-defined evaluation criteria will be input into a predefined knowledge based pattern modification rule base. Pattern modification plans can be generated automatically. Using this method, 2D technical space of pattern making can be easily controlled by 3D perception space using 3D virtual try-on. Also, new design rule will be generated as a new input into the proposed knowledge based pattern modification rule base in order to enhance the precision of the automatic pattern modification. As a knowledge-based learning system, the more designers and consumers involved in the decision making of the design process, higher satisfaction of the design solution can be ensured. In order to realize the proposed design process, two experiments are proposed. In Experiment I, garment patters for ready-to-wear garment products are extended from a set of garment block pattern designed by a 3D-to-2D design method. Fabric properties are tested in order to simulate corresponding virtual fabric. Based on the extended patters and virtual fabric, a 3D virtual try-on is performed for further evaluation. In Experiment II, an automatic pattern modification rule base is defined. First, a set of evaluation criteria is defined, then, corresponding pattern modification rules are discussed by pattern designers using their professional design knowledge.
Experiment I Production pattern design and 3D virtual try-on
In this study, a personalized garment block for a physically disabled lady with scoliosis from our previous study is applied [1] . Using the proposed block patterns, the design case of a shirt can be obtained.
The specifications design sheet in figure 2 describes the requirements for the design elements of the shirt designed by designers in this study. Then, several extension and sizing procedure are performed in oder to obtian the desired garment style in figure 2. Professional knowledge of pattern designers isutilized to support this process. These operations are:
Step By adding seam allowances and using Modaris software also with the virtual fabric, the production patterns of the designed shirt are finished, shown in figure 3.
Experiment II Evaluation and adjustment of the 3D try-on perception
In this study, a session of sensory evaluation is realized by a group of fashion designers and pattern makers in order to quantitatively characterize the 3D virtual try-on perception of the shirt designed using the customized block patterns [7] [8] . Then, the adjustment of the shirt patterns can be realized in the 2D technical space according to the sensory evaluation results on the performance of the finished shirt in the 3D virtual try-on space. Evidently, the key issue of this adjustment is to set up a model characterizing the relationship between the technical space and 3D virtual product perceptual space. This model will permit to generate the appropriate technical parameters of the garment according to the desired values of sensory evaluation on the effects of 3D virtual garment try-on (figure 4). In this study, the aim of identifying the shirt fit in 3D virtual try-on evaluation is to generate normalized sensory descriptors, which constitute the common communication language between fashion designers, pattern makers and garment consumers [9] [10] [11] .
Five experienced fashion designers are involved in the evaluation. The parameters of the fabric chosen by the designers as described in the design specifications sheet as well as the finished production patterns constitute the inputs to the Modaris software for realizing 3D virtual try-on. The style and design elements in the design specifications sheet can generate a common idea of the designers for the evaluation. In this context, the sensory evaluation results on the fit of the designed shirt, given by different designers, can be very close to each other. The sensory evaluation procedure used in our study is described as follows. Each trained designer generates an exhaustive list of categories describing the shirt fit performance according to his/her professional knowledge. The three most relevant categories describing the key positions of the shirt have been selected: "Overall image", "fit in width" and "fit in details". Then, a list of descriptors describing the shirt fit in different categories is generated by the designers using their garment design knowledge and pattern design knowledge. After that, there is a section reducing redundant descriptors and those irrelevant to the fit of a shirt, by performing a "round table" discussion inside the panellists. This step leads to the generation of 8 normalized descriptors describing the apparel fit performance (table 1) Table 1 obtained. "-" means that the garment is tight or small related to the body shape while "+" means in the opposite direction (big or loose). 0 is a perfect fit on the wearer. Each score of the scale is defined semantically in table 2. By repeating the evaluation two times and taking the average of the evaluation scores for each sensory descriptor, we finally obtain a matrix composed of all evaluation scores. The adjustment of the current patterns will be realized using a rule-based model characterizing the relation between evaluations values on the shirt fit (perceptual space) and modifications of garment patterns (technical space). It has been established by exploiting the common professional knowledge of pattern makers through a round table discussion between these panellists. Five experienced pattern makers are involved in the production process. There are two steps for modelling the relationship:
Step 1: Identification of the shirt modification rules These rules will enable to determine the key points or key lengths of the shirt production patterns corresponding to each sensory descriptor in order to make the final shirt very close to the target wearing effect wished by the designers. The final modification rules provided by the pattern makers are given in Change the curvature of the armhole Table 3 VALUES OF CHANGE FOR SHIRT PRODUCTION PATTERNS
+2 cm +1 cm 0 -1 cm -2 cm Table 4 "overall fit", if the evaluation score is -1 (a little tight), then 4 cm will be added to the width of waistline in horizontal direction. In practice, one modification rule and its corresponding pattern changing value can be arbitrarily selected and its try-on result can be quantitatively characterized using the sensory evaluation. If the adjustment result is not satisfying, another rule of the same sensory descriptor will be selected in order to generate a new try-on result. This procedure can be carried out repeatedly until finding the most relevant adjustment plan. By using the previous two steps, we set up the relationship between 3D virtual shirt try-on results and 2D pattern parameters (key points and key lengths). This rule-based model permits to reach a desired perception of shirt fit by adjusting the 2D pattern parameters. In this study, the procedure of To validate the design result, following the design specifications sheet, the garment is produced following the garment patterns after modification. To evaluate the real shirt produced using the pattern modified as the evaluation results before, a fitting procedure is proposed. The fitting result is shown in figure 6 . As for the customer, the look and comfort of the shirt are perceived as fine during the fitting. In order to validate the proposed design process, another group of designers are invited to compare the initial garment virtual try-on result and the final modified garment virtual try-on result using the evaluation criteria presented in table 1. First, there is a training section about the purposed of the evaluation. Then both the initial garment virtual try-on result and the final modified garment virtual tryon are presented to the invited designer group. The invited designers are free to operate the computer to observe the virtual try-on results. Each of the invited designers is assigned to finish the evaluation independently without any discussion with other designers.
RESULTS AND DISCUSSION
In order to quantify the evaluation degrees, a set of fuzzy numbers is assigned to each of the linguistic term. The involved evaluationlinguistic term and their corresponding fuzzy numbers are described in table 5.
Then, using the following equation to aggregate the evaluation result of all the involved designers:
Where t 1 , t 2 , t 3 correspond to the value of TFNs, and their values are taken according to table 3 [12] [13] [14] . Then, Euclidean distance of between all the aggregated evaluation results to the semantic degree "Perfect (1.5, 2, 2.5) is calculated in order to measure the satisfaction of invited designers of both initial garment virtual try-on result and finial modified virtual try-on result, as presented in figure 6 . These distances indicate the satisfaction degree of each part of the virtual try-on result in terms of different evaluation criteria. Very tight/small (0.5,1,1.5) Table 5 Generally, the modified pattern is more "perfect" compared with the initial pattern, which indicates that the proposed Design -Display -EvaluationAdjustments procedure is able to help to reach a desired perception of shirt fit by adjusting the 2D pattern parameters using the proposed rule-based model. 2D pattern parameters (key points and key lengths) can be adjusted by the evaluation result of the 3D virtual try-on results.
C O N C L U S I O N S
In this paper, to validate the applicability of 3D-to-2D garment design method, we introduced an application case of designing a personalized garment for physically disabled people with scoliosis (PDPS) using a set of garment block pattern designed by a 3D-to-2D garment design method. The proposed design process begins with a personalized garment block design from 3D-to-2D design method. Desired garment patterns are realized by the extension of the previous garment block pattern considering both desired garment style and fabric properties. After that, using the proposed pattern and virtual fabric, a 3D virtual try-on can be realized and ensures a fast validation of the proposed pattern. Designers and consumers are able to participate in the evaluation section. Also, we defined a rule-based pattern modification model to validate the designer design idea. Based on sensory evaluation results, pattern modification plan can be generated. Though a validation experiment, it can be proved that, as knowledge based learning process, the proposed design process is able to ensure a high level of design satisfaction of consumers.
